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ABSTRACT
Strippingvoltammetry(SV)isusedtoquantitativelydetermineconcentrationsoftheanti-neoplasticdrug
mitomycinC(MMC)aloneandinmixtureswith5-fluorouracilandcisplatin,bothofwhichareusedin
combinedchemotherapywithMMC.IftheaccumulationisperformedatthepotentialsofMMCreduction
(-0.35Vvs.SCE),reducedMMCisstronglyadsorbedattheelectrode.ItispossibletoprepareaMMC-
modifiedelectrode,which,afterawashingstep,istransferredtothebackgroundelectrolytetodetermine
MMCbyvoltammetry.Thisprocedure,whichistermedtransferstrippingvoltammetry(TSV),helpsto
eliminateinterferencesandcanbeappliedforadirectdeterminationofMMCaloneorinmixtureswithother
drugsinurine.
INTRODUCTION
ThedeterminationoftheantibioticmitomycinC(MMC)inaqueoussolutionsandinbiologicalfluidshas
beenasubjectofspecialinterestinseveralpapers(reviewedin(1))becauseMMCisananti-neoplasticdrug
widelyusedinclinicalchemotherapy.Theanti-canceractivityofMMCisbasedonitscovalentbindingto
DNA(2)afterchemicalorenzymaticreductiveactivation.Thisreductiveactivationisacomplexprocess
involvingreductionofthequinonegroupandopeningoftheaziridinering.Theseprocessesoccuratthe
hangingmercurydropelectrode(HMDE)(3).Inapreviouspaper(4),wereportedthatstripping
voltammetry(SV)ofMMCattheaccumulationpotentialscorrespondingtoMMCreduction(between-0.3
and-0.4VvsSCE)producesausefulanalyticalsignalinaqueoussolutions.Also,attheseaccumulation
potentials,MMCissostronglyadsorbedatthemercuryelectrodethattheMMClayercanbewashedand
transferredtotheelectrolyte(notcontaininganydissolvedMMC),whereitproducesaresponsesimilarto
thatobtainedwiththeelectrodeimmersedintheMMCsolution.Thismethod,termedtransferstripping
voltammetry(TSV),isusefulforMMCdeterminationinbiologicalfluidscontaininginterferingsubstances
thatareeithernotadsorbedattheelectrodeorthatareseparatedinthewashingstep.
MATERIALSANDMETHODS
Apparatus
VoltammetricmeasurementswerecarriedoutwithanAmel473multipolarographanalyzerconnectedtoD.Marínetal. 101
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anAmel863XYrecorderwithtime-base.Asaworkingelectrode,aMetrohm(6.0335.000)hanging
mercurydropelectrode(HMDE)wasusedwithadropareaof1.39mm.Asaturatedcalomelelectrode
2
(SCE)andaplatinumelectrode,bothfromIngold,wereusedasreferenceandauxiliaryelectrodes
respectively.Allmeasurementswerecarriedoutinanitrogenatmosphereatroomtemperature.ThepH
valuesweremeasuredwithaRadiometerpHmetermodel62.
Reagents
MMCwasreceivedfromMerck.5-fluorouracil(5-FU)wasfromSigma.Cisplatin(cis-Pt)wasfrom
Farmitalia(Barcelona,Spain).OtherchemicalswerepurchasedfromMerckandwereofanalyticalgrade.
UrinesamplescontainingMMCandotheranti-neoplasticdrugswerepreparedbydissolvingtheappropriate
quantityofthedruginurinespecimensobtainedfromhealthyvolunteers.Nosampletreatmentstepswere
performed,exceptforaurinedilution(1:3)withthebackgroundelectrolyte.Voltammogramsofurine
obtainedfromdifferenthealthyindividualsdidnotshowsubstantialdifferences.
Asolutionconsistingof0.3Mammoniumformate,50mMsodiumphosphate,pH6.9(AFP)wasusedas
thebackgroundelectrolyte,becauseitissuitableformeasurementsofthecathodicresponseofMMC(4),
andalsoformeasurementsoftheDNAsignals(5,6),whichallowsforfuturestudyoftheinteractionof
MMCwithDNA.Wangetal.(7)used0.025Mboricacidsolution,adjustedtopH10.2withsodium
hydroxideassupportingelectrolyteintheMMCdeterminationbymeansofstrippingvoltammetry.
ConsideringthepoorstabilityofMMCoutsidethepHrange5-8(8),usingtheaboveneutralAFPsolution
allowedustoobtainreproducibleresultsevenafterstoringtheMMCsolutionatroomtemperaturefor
periodsaslongasoneday.Ontheotherhand,whenweusedthepreviouslyappliedalkalinemedium(pH
10.2),theMMCpeakusedforanalyticalpurposesdecreasedwithtime.In2.5h,thispeakcurrentdecreased
by60%.
StrippingVoltammetry(SV)
SVisanextremelysensitiveelectrochemicaltechniqueinwhichthesubstanceispreconcentratedby
electrodepositionatacontrolledtimeandpotentialintoasmall-volumeelectrode.Thesubstanceofinterest
canbemeasuredatconcentrationlevelsdownto10 M.Itsremarkablesensitivityisattributedtothe
-10
combinationofaneffectivepreconcentrationstepwithadvancedmeasurementproceduresthatgeneratean
extremelyfavorablesignal-to-backgroundratio.
IntheMMCanalysisbySV,anaccumulationpotentialof-0.35Vwasappliedtoafreshmercurydrop
immersedinthesolutioncontainingMMCalone(orinmixturewith5-FUorcis-Pt),stirringthesolution
at500rpmduringtheaccumulationperiod(usually3minwaslongenoughtofullycovertheelectrodeand
toensuregoodreproducibility.)Stirringandaccumulationwerethenstoppedandtheinitialpotentialwas
appliedfor15s,afterwhichthevoltammogramswererecordedatthefollowingsettings(ifnotstated
otherwise):initialpotentialE0.0V,switchingpotentialE -0.75Vandscanrate0.2V/s. iSWAccumulation CV
measurement
AFP
double washing
MMC
D.Marínetal. 102
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Fig. 1: Scheme for TSV.
TransferStrippingVoltammetry(TSV)
Thistechniquewasdevelopedinthelate1980's(9,10)todeterminesub-nanogramquantitiesofnucleic
acids(NA)exploitingthestrongaffinityofNAforthemercuryandcarbonelectrodes(11,12).
AttachmentoflowmolecularmasssubstancessuchasMMCtothemercuryelectrodehasrarelybeen
observed.However,weobservedastrongimmobilizationofMMCattheHMDEwhenappliedpotentials
correspondedtotheMMCreduction(between-0.3and-0.4Vvs.SCE),makingpossibletheeasy
preparationofaMMC-modifiedelectrode.SuchamodifiedelectrodeisusedinMMCanalysisinmixtures
containingothersubstanceswhicharenotstronglyattachedtotheelectrodeunderthegivenconditionsand
whichwouldotherwiseinterferewiththedeterminationofMMCinconventionalvoltammetricanalysis,as
occurswiththeMMCdeterminationinurinesamples.
InTSVofurinesamplescontainingMMCandits
mixtureswith5-FUorcis-Pt,theHMDEwas
immersedinthesolutionatanaccumulation
potentialof-0.35Vforanaccumulationtimeof5
minwithoutstirring(urinesamplesproducefoam
withstirring,andtheelectrodesurfaceispartially
blocked,causingtheMMCsignalstobeweaker
andnotaswelldefinedasthoseobtainedwithout
stirring).Theelectrodewasthenremovedfrom
thesolutionandwashed(nitrogenwaspassed
throughthewashingmedium)withdistilledwater
for15s(toeliminateinterferingsubstances)and
withthebackgroundelectrolytefor15s(tokeep
theelectrolyteconcentrationinthevoltammetric
cellconstant.)Theelectrodewasfinallyplacedin
the voltammetriccellwithapreviously
deoxygenatedbackgroundelectrolyte(notcontaininganydissolveddrug)andnitrogenwasbubbledagain
throughthesolutionfor120storemovetheoxygenintroducedintheprocessoftransferringtheHMDE.
Thecircuitwasclosedandfollowingtheapplicationoftheinitialpotentialfor15s,thevoltammetric
measurementwastakenatthesamesettingsasinSV.ThewholeprocedureisshowninFig.1.
Thetransferprocedurewasperformedwitharoundcarouselcontainingholesdesignedaccordingtothe
diameterofthewashingvesselsandcells(Fig.2).Thecarouselisjoinedtoalever,allowingthevesselsor
cellstoberaisedorlowered.Theelectrodesareplacedabovethecarousel.Thus,theelectrodesare
immersedinthedesiredsolutionwhenthecarouselis“up”andareremovedfromthesolutionwhentheD.Marínetal. 103
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Fig. 2: Carousel used to perform the TSV experiments.
carouselis“down.”Revolvingthecarousel
transferstheelectrodesthroughthesolutions
inachosenorder.
DeterminingMMCbyTSVmadeitpossible:
(a)toadsorbMMCattheHMDEfrom
medianotsuitableforconventional
voltammetricanalysisandtoperformthe
electrochemicalmeasurementsinthemedium
ofchoice(i.e.AFP);(b)toexploitthe
differencesintheadsorbabilityofMMCand
othersubstancestoseparatethematthe
electrodeinthewashingstep;(c)tostudythe
influenceoftheelectrodepotentialonMMC
signals;(d)tostudytheinteractionof
immobilizedMMCwithothersubstancesas
DNA,sinceitisknownthatMMCinteracts
withguanineresiduesinDNA.
Forsubstancesaccumulatedattheelectrodesurfacebyadsorptionthatdonotrequireanyaccumulation
potential(i.e.DNA),themodifiedelectrodecanbepreparedbyimmersingtheelectrodeinadropofthe
substanceatopencircuit.ThismethodiscalledAdsorptionTransferStrippingVoltammetry(AdTSV).
Using5-10µLdropsmakesitpossibletoreducethevolumeoftheanalyzedsamplebytwoordersof
magnitudeascomparedtotheconventionalvoltammetricexperiments.
RESULTSANDDISCUSSION
DeterminationofMMCinaqueoussolutionsbyusingSV
ConventionalvoltammetryofMMCsolutionsinAFPyieldstworeversiblecathodicpeaksat-0.31and-0.43
V(peaksIcandIIc).SVresponsesarehighlyinfluencedbytheaccumulationpotential(E)(4).AtEless AA
negativethan-0.3V(correspondingtoreductionoftheMMCquinonemoietywhichcausedthepeakI), c
bothpeakswereobtained.However,atEbetween-0.3and-0.4V,onlythepeakIIappeared.Thispeak Ac
waschosenforanalyticalpurposes,thusE-0.35VwasselectedforthedeterminationofMMC. A
UsingconcentrationsofMMCof9x10M,increasingtheaccumulationtime(t),resultedinpeakII
-7
Ac
showingalineardependenceupto3min(stirringat500rpm);atlongert,lineardependenceleveledoff. A
Stirringresultedina3-foldenhancementoftheresponse,henceindicatingthefastrateofadsorptiononthe
electrodesurface.TheproposedidealizedconditionsfordeterminingMMCinAFPsolutionsarethenEA
of-0.35V,andtat3min(stirringat500rpm). A
MMCgavealinearcalibrationfortheconcentrationrange1-20x10M(1x10Mcorrespondsto3.34ng
-8 -8
ml).Deviationsfromlinearitywereobtainedathigherconcentrations,wheretheelectrodesurfacewas
-1
saturated.FurtherdataaresummarizedinTable1.D.Marínetal. 104
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MixturesofMMCwithotheranti-neoplasicdrugsusedincombinedchemotherapy(13)weretestedby
usingSV.Doxorubicin,vinblastine,bleomycinandvincristineproducedtheirownsignalsatsubmicromolar
level.5-Fluorouracil(5-FU)producednopeakinthestudiedpotentialrangeandcisplatin(cis-Pt)showed
onlyalittlepeakat-0.52V.TheMMCcalibrationcurvesweredoneinmixturesMMCand5-FU,and
MMCandcis-Pt,andthesameresultsasinMMCalonewereobtained.Similarexperimentswereperformed
with5µMMMC,5-FUandcis-Ptconcentrationsvaryingbetween10and75µM,andnodifferencesinthe
MMCpeakcurrentwereobserved.
TheseresultsshowthatSV(atE-0.35V,t3min,stirringat500rpm)issuitabletodetermineMMCin AA
anexcessof5-FUandcis-Pt.
DeterminationofMMCinurinesamplesbyusingTSV
AttemptstodetermineMMCinurine(diluted4-foldbyAFP)byconventionalSVwerenotsuccessful
becauseurinesamplesaloneproducedpeaksinthepotentialregionclosetotheMMCpeak.This
interferenceofurinewasefficientlyeliminatedbyTSVinwhichMMCwasadsorbedattheelectrodeby
applyinganaccumulationpotentialof-0.35Vfollowedbywashing,mediumexchangeanddetermining
MMCimmobilizedattheelectrodeinablankbackgroundelectrolyte.
Acomparisonofthemeasurementswithandwithoutstirringoftheanalyteduringtheaccumulationtime
showedthattheMMCsignalisbetterandofhigheramplitudewithoutstirring.With1µMMMC,the
electrodesurfacewasfullycoveredattheaccumulationtime(t)of5min,withoutstirring.Reproducibility A
sufferswhentheelectrodeisnotcoveredfully.OptimalconditionsforMMCanalysisinurineweret5min, A
E-0.35V,withoutstirring.Alinearrelationshipofthepeakwasobservedintherange3-30x10M, A
-7
correspondingto100-1000ngml.AdditionaldataareshowninTable1.Thevoltammogramsdidnotshow
-1
anydifferencebycomparingtheurinesamplesspikedwithMMCalone,MMCand5-FUorMMCandcis-
Pt.TheMMCcalibrationcurveswereperformedinthesemixturesandthesameresultsasinMMCalone
wereobtained.
Table1:MitomycinCcalibrationcurvesinaqueoussolutions(usingSV)andinurine(usingTSV)in
bothcasesasmuchaloneasinmixtureswith5-fluorouracilorcisplatin
Aqueoussolutions  Urine
linearityoverrange(ngml) 3-70 100-1000
-1
slope.10(µA/ngml) 13.6 1.20
4-1
standarddeviationoftheslope.10 0.2 0.02
4
intercept(µA) 0.002 0.000
standarddeviationoftheintercept 0.001 0.001
correlationcoefficient 0.9988 0.9992
detectionlimit.(ngml) 3 30
-1D.Marínetal. 105
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Quantitatively,theMMCpeakwaslowerinurinethaninpureaqueoussolutions.Thismightbepartlydue
toadsorptionofsurface-activeurinecomponents(resistanttowashing)attheelectrodesurface.Thiseffect
producesa10-folddecreaseinsensitivity(slope)uponchangingtheadsorptionmediumfromwatertourine,
butdoesnotaffecttheaccuracyofthemeasurement,sinceurinespecimensofdifferenthealthyvolunteers
yieldthesamecalibrationcurve,indicatingthatthesignalisindependentoftheurinematrix.
Althoughthedetectionlimit(100ngml)ishigherthanthepreviouslyobtainedbyTjadenetal.(1ngml)
-1 -1
byHPLCwithon-linesamplepre-treatment(14),theTSVdeterminationofMMCaloneandinthepresence
ofotherdrugsinurineproposedinthispaperissufficientlysensitivetobeofpotentialuseintheclinical
analysis,sincetheconcentrationsofMMCinurineofclinicalpatientsrangebetween500-1000ngml(14)
-1
whilethoseof5-FU(15,16)andcis-Pt(17)usuallyexceed2000and750ngml,respectively.Themain
-1
advantageofthetechniqueproposedhereisthatinvariancetoHPLCandothermethods,whereitis
mandatorytoisolatethedrugfromthebiologicalmatrix,usuallybysolventorsolidphaseextraction,the
MMCdeterminationinurinedescribedhereisverysimpleanddoesnotrequireurinepre-treatment.Most
interferingsubstancespresentinurinesamplesareeithernotadsorbedattheelectrodeorareseparatedin
thewashingstep,iftheiradsorptionattheelectrodeisweakerthantheattachmentofMMCtothesurface.
TheTSVdeterminationofMMCisrapidandinexpensiveandmaybecomethemethodofchoiceforMMC
determinationinpatients.
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